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Description 

Background of the Invention 

CA42854^"**^ government has rights in this invention by virtue of National Institutes of Health grant No. 

This invention Is generally in the area of methods for the treatment of viral diseases, and more soecifjcallv relates 
to the treatment of AIDS using either thiazine or xanthene dyes. specmcaily relates 

Methylene blue, 3.7-Bis(dimethylamino)-phenothia2in-5-ium chloride. CigHiaaNaS. is a dark green or blue thi- 
az,ne dye wh,ch was first isolated in 1 876. It is FDA approved for oral adminisLon has been re^ Z^^Z 

^ '^^'^ *^ "rtochondria to leukodye which is then autOKwidized back to methylene blue by o^ 

^ r il^- " mechanism by which methylene blue, injected i.v. at a dose of 1 mgWlSX 

"Ts.l??*!' ^''^^ 1 methemoglobinemia, a dinical disorder where more tha^ \^orLl 

that methylene blue oxidizes glutathione directly when it is reduced by NADPH, rather than via the hWD, 

InLVl^^^^^'^"^ BlQchem Ricrhy, 105. 197-2060^4?. noted that the 

rJTnf ^f^^^'^'^'^^ ^ and light is dependent or the concentration of the dye. as well as ght wavelength 
and intensy. and can be correlated wrth uptake of oxygen and decrease in ultraviolet abso*ance by guai^dt^ 

follo«flng exposure to methylene blue and light using thin layer chromatographic analytical techniques 
Knht^^f c tlf to analyze the actual mechanism of the effect of methylene blue and 

T^S^J'J^"^ ^WI^C Acids 5. 615-622 (1978). showed that methyleTblue Si iS 

SeSlThSSSr** '"T: caus^nd ruptua Tht 

hy^h^zed that ci« o-addifton occurred at vanous positions in the purine ring, rendering the DMA susceptible to base 
catalyzed cleavage following modificaton of the other nucleoside bases. Msuscepnoietooase 

in th^^cltfm^!^" HP'°^"^ ' "^"^ of polynudeolides 

in the presence of methylene blue causes extensive destmction of guanosine. leaving ribose. guanidine rtoosylurea 

«tion by Sastry. et al.. BiQChini. giQPtiYS, Afln 129. 42 (1966). that invite methylene blue and kmtSi^ni^:^ 
Tobacco Mosaic Vims (TMV) m^ rendering the virus uninfectiva Singer and Fritkel-C^raTh^STr^SrtST 
aSSilfinr* 2446-2450(1966). thatan^^ 

t^^'S:^i::«?„T T^T ^""^ ^« ^ thep^^awe^mecha^sm for *e i^^^^S 
topical administration of a 0.1% solution of methylene blue in conjunction with pdychromafic light photoinartvai 

^ ^JelnTS^rSL? '"^^i:g:»^t.lFonT.^,ry^rr92^0 Un£S!^e^ 

Agerts. page 2176 editor, Gerald K. McEvoy (American Sodety of Hospital Pharmadsls. Inc 1981 ransed lasfli 
Other Observations have been made showing jiudto inaclivation of vin^ using light. nS^eSe Wue 2^eS' 
as rwrted rn J. Clin.MicmhinI 17(2). 374-376 (1983). by Badylak. et al^SS^raSeTviaS^S 
ProcSocExPf r m Mf ^ 161 .204-209 (1979) by Swartz. et al.. (HwpwSrplex) virus) and 

The xanthene dyes are derivatives of the compound xanthene which has the following chemical structure: 


45 


50 


55 



the fluorenes or amino xanthenes. the rt»dols or aminohydroxyx- 
^^^i^ ^"'•«-"-^-gC""-^Biolp,i^,.St,in,326 (Wflliams & WilkirTrS. 

to the central cartMn atom of the xanthene structure. J auauieo 

Rose bengal. *-5.6.7-Tetrachloro-3',6'-dihydroxy-2'.4'.5'.7-tetiaiodo80ironsobenzofufan-uaw q'joHi«n*^i t 
onedipotassiumordsodiumsaltC,oH2CUu;^asthefoll««ng^^^ 
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I 



CI 


This dye has been used as a marker for Herpes keratitis. It has also been used as a bacteria! stain m sol suspensions, 
for the negative staining of bacteria, and for spirochaetes in Wood. Jd. at 351. Alsa it has bean used in Delprat and 
Stowe s test (1931) for liver function, in combination with Iodine 131 fbr photoscanning the liver, and as a useful fluoro- 
chrome in the study of tats under uttraviolet illumination. IsL Smith and Dawson (1944) used the dye as a bactenostatic 
agent in media to permit growth of soil fungi while repressing the bacteria. jiL 

Eosin Y. 2',4'.5 ,r-tetrabromofluorescein. disodium salt. C2oH605Br4fte2. has the following structure: 


Br Br 



This dye is used for staining the oxyphil granules of cells, the graniies having special affinity fbr acid dyes. M- a* 343. 
Also it has been employed as a counterslain for hematoxylin and the green or blue basic dyea !d Eosin Y. in combina- 
tton with methylene blue, has been used as a Wood stain in the technique of Romanovsky and in Mann's stain to stain 
nerve cells. Negri bodies, amerior hypophysis, collagen, and erythrocytes. Jd. 

Acquired Inwiunodefkaency Syndrome (AIDS) is generally accepted at this time to be a consequence of infecton 
with the retrovirus variously termed human T^ynf^holropic virus type III (HTLV-III). iymphadenopathy-assooated virus 
(LAV) AIDS associated retrovirus (ARV), or human immunodeficiency vims (HIV-1 ). There is considerable difficulty in 
diagnosing the risk of development of AIDS. AIDS is known to develop in at least 50% of the individuals infected with 
human immunodeficiency viae (HIV), although this percenlage is suspected to be much higher. 

A patient is generally diagnosed as having AIDS when a previously healthy adult with an intact immune system 
acquires inpaired T-cell immunity. The impaired immunity usually appears over a period of eighteen months to three 
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years. As a result of this impaired immunity, the patient becomes susceptible to opportuiistic infections, various types 
of cancer such as Kaposi's sarcoma, and other disorders associated with reduced functioning of the immune system. 

No treatment capable of preventing or curing HIV infection is currently available, although several corrpounds have 
demonstrated antiviral activity against the virus in yitTO. including HPA-23. interferons, ribavirin, phosphonoformate 
ansamycin. suramin, imuthiol. penicillamine rifabutin, AL-721 , 3--a2ido-3'-deQxythymidine (AZT). and other 2' 3 -dideox- 
ynucleosides. AZT is the only drug which has been demonstrated to prolong life in patients infected with HIV However 
AZT IS quite toxic when used for periods of several months and must be discontinued even in those patients initially tol- 
erant to the drug due to the drug causing severe anemia. See \brchoain et al., Lancet. 575-580 (1986). Further AZT- 
resistant strains of HIV have now been reported in patients undergoing treatment with AZT Larder B A Dartiv Q 
Richman. D.D..SflfiDfifi243, 1731-1734(1989). " 

Many inhtoitors of cellular processes, such as AZT, limit viral replication, but are at the same time quite toxic for the 
host as well. Most of the antiviral drugs that have been dscovered so far cannot be presaibed far a prolonged period 
o^ tme because of their toxicity. Accordingly, it is clear that there is a strong need for new antiviral agents, especially 
those with low toxiaty to normal cells. More particularly, because of the high mortality of AIDS and the iadtof an effec- 
tive treatment lor this disease, there remains a great need for development of new low toxicity agents for prophvlactic 
use as well as long term therapy of AIDS patients. 

Reference is made to the following disclosures. 

Arch Ophthalmol. Vdume 105. No. 10. October 1987, pages 1415 - 1417, M.I. Roat et al. discloses the effects of 
rose bengal and fluorescein sodium in tfie mouse herpetic keratitis model. Ir. this model, mice are infected with HSV-1 
on the eye following corneal scarification. TTius, the infection is a topical infection of the cornea. 

FR.A-2118030 discloses the use of xanthene derivatives in treating coronavirus. myxovirus. arbovirus, poxvinjs 
and herpes simplex virus infections, in non-human hosts. The experiments conducted consist of infecting mice with a 
virus, administering the conpound under study and determining the length of time by which the survival of the mouse 
is increased. 

DE-A.3341001 disdoses a nanopartide conposition including at least 3% of a drug. In one exairpie, methylene 
blue IS used as a marker dye in a composition comprising an antifungal dmg. 

Chemical Abstracls. Volume 87 No. 20, 141h November 1977, page 304. abstract Na 157053P disdoses the oral 
use of methylene blue in dogs and cats. However, the therapeutic utility of these (frugs is called into question by this 
document, which states that methylene blue may cause the production of Heinz bodies, indicative of haemdytic anae- 
mia in cats and dogs. Moreover, the effectiveness of the drug as an urinary antiseptic is called into questioa 

US-A-4305390 disdoses the use of methylene blue, light, oxygen and electridty to inactivate herpes virus. The 
method of this disclosure requires that an efectric ffeld be applfed. making the method difficult louse in vivo. Moreover 
as shown in figure 9. the disdosed method is toxic to cell& 

Dermatol. Monatsschr. Vdume 163. Na 7, 1977, pages 563-564 disdoses the inactivation of herpes sinplax virus 
by the combination of visible light and topically applied methylene due. 

JPN. J. Ophthalmol., Volume 21. Na 3, 1977, pages 392-399 disdoses the photodynanHc inadivation of herpes 
simplex virus using topical application of antivirai drugs or dyes induding tduidine dua eosin Y. methylene blue and 
fluorescein sodium. 

J. CHn. Invest.. Vdume 65. February 1980. pages 432^ disdoses the inadivation of HSV using methyleneblue 
light and electncity. This paper cfisdoses only inactivation of HSV in vitro. 

J. Clia Microbid.. Volume 1 7 Na 2. F*ruary 1983. pages 374-376 disdoses the inactivation of pseudorabies 
virus with methylene due, light and electricity. Again, only in vitro data are present 

It is therefore an object of the present invention to provide methods and compositions for treatment or prevention 
or viral infectons. 

It is a further otiject of the present Invention to provide methods and compositions far selectively inadivatina HIV 
both in vitro and In viva 

Summary of the Invention 

According to the present invention there is provided a use of a xanthene or thiazine dye and a method as defined 
in the claims. 

Compositions containing as the active agent either a thiazine dye. espedally methylene Uua or xanthene dye 
espeaally f luorones or hydroxyxanthenes. are used for the setectlve inadivatian or inhibition of intraceliuiar replication' 
of specific viruses, espedally human immunodef idency virus. In the prefered embodiment of the thiazine dyes meth- 
yiene blue is Ihe adive anti-viral agent Other useful thizaine dyes indude azure A. azure 0. toluidine and thfoi^ine In 
the most preferred embodiment of the xanthene dyes, the xanthene dyes are rose bengal and eosin Y. delivered oraUy 
Selective delivery can be adiieved using systems sudi as liposomes for delivery fo maacphages and other phagocytic 
cells or using biodegradable contrdled release implants. Exanples demonstiate inactivation of human immunodefi- 
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cier«:y virus by methylene Uue, rose beng^ arKl eosin Y These coripounc^ 
normal PBM cells and Vero cells. 

Brief Description of ttw Drawings 

' Rnure 1 A and 1 B are graphs of the effect of methylene blue in the light and in the dark on the repliMiton of HIV-l 

a tine graph. 
w Detailed Description of the Invention 

rrr^£r."SSy-aSi"rr^^^^ 

rotd^.^uryt^iusedh.^tore^tot^^^ 
S^^'s^reSatevSinThS?^^^^^ 

'^^iZ- rX n^iroccum at a high rate, with mu* of the transcription and t«,«laJon bang irvo^jn 
JSJoL nSS^Tit lua riw been discovered that the dyes interfere with transcription and translation in the dark 

sitive to the dyes. Exanples of these viruses are human immunodeHcency vinjs (HIV), and to a '«f«^f2^' ™^ 
sSSa ^HSVp^ingly. the dyes can be used to fr^ 
S^^Tn ^ ?na;SS,^ in replication of the virus in the ho^ls. at T^^^^- 
wheretoTthe dye hydroxytates the guanosine or deoxyguanosine to yieW 
^^S™ (sSH-dOrSspectively There rs ninimal effect on the host ceU. presumably 
30 ?S™ -nSdyesc^Xb^ovide^ 

"^Sil^e^and xanthene dyes have been used «, a variety of ^^f^^'" 
im/eniiMr However the method described herein Is based on the selective and controfled use of the compound, not Ihe 

material, which wodd be completely inapplicable to any method where.n the goal .s 
35 to S2?.e^ Sze trc e^ to the host cells. Further, the method desaibed herein does not require a^n- 
;S;S^j:riiii!^h the resute maybe enhanced by 

S'u^i ^nthene dyes are rose bengal and eosn Y. These dyes are «,mmercjjy -^^J^^^^ 
nuni^diflerent sources. Rose bengal can be obtained from Sigma Chem«al Ca. St Lou«. Mo., while eosm Y « 

app^ ^rmTpSr^Drug^ ^ /JlnislrBlion fcr "-^^12^^ 
SSroved at this timelor any topical or injriyflapplicationforthefr^^ 
Soccurririg as dart, blue^een crystals which is soliiJie in water and spanng^sd^^ 
« cnhrtionfi Methviere blue iniectaUe has a pH of 3-4.5. The pK, is between 0 and -1. 

T^SSSmS page 1^ (J.B. Uppincott Co.. SI Louis. MO 1989) reports that -nel^rtene blue « 
uselS^^SSSSS^sSycfbrcyisand 

emogtabemia and as an antklote tor cyanide poisoning. Recommended dosag^are 55 to 

administered orally. Oral absorption is 53% to 97%. averaging 74%. DiSanto and Vtegner. msm^sm 1086^ 

I.V. Side elfects include blue urine, occasional nausea, anemia and fever. Arnen«7jin ^^'^ J^J . ^I^.g?^ 
iDteoiaJiflaaaistates that the recommended i.v. dosage tor ch»dren is 1 to 2 "f2.^J^^2^%^ 
iS^rrtnS. which can be repeated after an hox 55 mg tablets are available from Kenneft ^'^■^J^^^ 
a^^Z^m Star Pharmaclrticals. Methylene Blue Injection (1 0 mgAnl) is available from Amer«an Reagent Har- 

" ^^r1n?SSr;eported in ^AffeSJbfi^^ 5. 155-161 (1983) that administration ^-e«ue 
orallv aTTdosaae of 100 mgb^i.d. or ti.d.. or intravenously. 100 mg infused over 10 min. may be effective ^treating 
^n^^es^^dSiS^inhuman^ indicating tha.^ 
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« iwtt ui uno weoK ro 1 9 months to adult humans, wrth minimal side effects 

reported by G.E. bSL^^^X r^'^^^ le^Komemylene blue. As 

yiene blue, in sheep, is 0 OOTeToSS^S^in'S" ' ?® ^'""'"^•'o" ^ate constant of meth- 

barrier easily. rnmmim inpfan 7.55-59 (l 984), methylene blue crosses the blood-milk 

axaelionofthat absorbed overaoeriQdofh>nr3rJc,.J~^"^ "«o account the 74% oral absorption and 75% 
isappro»ma.e,epu.a,tr^7^o:er^^^ 

ior cancer treatment is desaibed by Ede^^n. ^Tin^^^^^^S^JL^^ 
be specifically delivered to macrophaaes a site of hi^rfn HwX^^^nf^*.]f; ''y®* «n 

liposome delivery. LiposomesTreoS^ii! SLniSfH^ n ^IDS patients, using techniques such as 

287-341 (AcadertcT^Tv I9r22)2^^^^^ 

as tfieUwion^Co^ cor^tons are commercially available from companies such 

.es.b.^^3r:;'^S^^T,li'2^^ 

known period of time. Examples of useftJ oolvmerein^i ^^f!S"f Tom polymers which degrade iamsi over a 
ene vinyl acetate Th^^e^Z^^I^7^^^^^ '"'^^ ^ pdyorthoester. and ethyl- 

ceutcaUtmorl^MaSS^r^^^^^ 

Examples of useful xanthene dyes are rosa^n^^^i^T^I^'!^^^:^'^'^'^ 
number of different sources. Rose t4iaal Lnto rJS^^^l!?^ ^* ^ commeraafly available from a 
av^lable from KodaK Labo'^to^^Jp^^'^.SSilS^";; ^^"^ Ca, St Louis. Mo.. wh«e eosin Y . 
^^««composi.onsandme.hodsofusethereofwi.beft.rtherunde«^ 

Example 1 : Inactivation of RNA virus R17 using methylene blue and light 

a 96 well miaotiter plate. conSpoS^ ^ ^ ^e #1 weUs of 

asw.. U Jw. C «^n« <*'««™* ««^- tarn SWt. 
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TABLE 1 


w 


IS 


Effect of methylene blue and light on the 
Infectivfty of RNA virus R17. 

MB cone. (jiM) 

Ught 5' 

pfu/ml 

u 


7.20 X 10^^ 

0.02 

yes 

5.04 X 10^*^ 

0.04 

yes 

1.11 xlO^*' 

0.2 

yes 

3.25x10^ 

2.0 

no 

4.80 X 10^^ 

2.0 

yes 

3.00x10^ 

20.0 

no 

3.00 X 10^ 

20-0 

yes 

4.20x10^ 


20 


The methylene blue did not inhtoil grwrth of the bacterial lawn at the concentrations used in the R1 7 Inactivation 
and titering. 

25 Example 2: Efiect of duration of light exposure on the InactNatlon of m? virus. 

m 7 Nnrus sanples were also tested to determine the time of exposure of light required to inactivate the viriB. The 
procedure was similar to that used for Exairple 1 as outlined atxjve except that the concentration of MB was held con- 
stant at 0.05 while the time d exposure was varied. The length of exposure was vaned as feHt^^^ 
30 Add0.3mltowellHatreatwithligW0-5min.Add0.3mltowellC3ZtreatwithiKjht5min-7.5^^^^ 

«.ell F2, treat with light 7.5 min - 9.0 min. Add 0.3 ml to well E2. treat with light 9.0 min - Sf j™"- 0 3 "J ^ we D2. 
treat with light 9.5 min - 9.9 min. Add 0.3 ml to well C2. treat with light 9.9 min - 10.0 mm. Add 0.3 ml to well B. no light 
Add 0.3 m to well A, no light The results are shown in Table 2. 


35 


TABLE 2 



Effect Of time Of exposure to 
light on infectivfty of R17 
virus treated with MB. 

40 

Time (Man.) 

PFU (Plaque 
Forming Units) 


none 

2JSx^(fM 


av 

3.3x10^/ml 

46 

0.5 

5.0 x 10^/ml 


1.0' 

I.Ox 10®/inl 


2.5' 

9.1 x lO^Ani 

SO 

5.0* 

6.93x10^/ml 


10.0' 

4.35x10® Art 


These results demonstrate that methylene blue and light inactivated R1 7 under these conditions at a rate of » 
0.8-1.0 minutes. 
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Example 3: Anti-viral Effect of methylene blue on human immunodeficiency virus (HIV), Compared with AZT. 
tn^a^^r ^^mr^^T'i ^"^^^ ^ *^ and purified by a modification of the 

Snr^':rs:rJ^^^^^^^^^ ^^^^ ^^^^^ ™acC 

HIV AmMral Shidles. 

«r^l'^T" '"'^ "«"°""'^ear cells (PBMC) from healthy HIV-1 seronegative and hepatitis B virus 

seronegatwe donors were eolated by Ficoll-Hypaque discorrtinuous gradiert centrifugation « Vooo x o W M mfn,^^^^ 
w^ed tw,ce >n phosphate-buffered saline (pH 7.2: PBS), and pelleSat 300 x g S7m^^^rTi^^^ 
cejte were stn,u.ted by phytohemagglu^n. (PHA, at a conce'ntratR,n of 167 ^I'SSSnS: 

Bfitlffldiua: HIV-1 (strain LAV-l ) was obtained from Dr. R Feorino (Centers for Disease Con»mi A«flnt» r a* tk 

LiSJtTJ::"::^'"'-^^^-'^^"'^^ 

tribu tS'a!^o'^5'^S^Sy^^^ """'' ^ ^™"^** PHA-stimuWed human PBMC were uniformly dis- 
^^<^ >^e^^^l T ' ^ "^"^ about 2 X 10« ceHsMH. Suitable dilutions of virus 

^Z^S^Z S ■ jL'^inS'rr """^'^^ ( RT) activity of the inocula was 50.000 *m/ml cor- 

R^ree tO^tSe^.^nlmm.'"^^^ 

tanedmahum«tf,ed5%C02-ma^^ 

nylmettiyl sulfonyi fluoride, and 0.5% Triton X-100). ' 20% glycerol. 0.5 mM phe- 

The RT assay was performed in 96-well microtiter plates, as descrfced by Soira et al n 987) -Mirr«™^«H 
Assaying the Reverse Transcriptase of UV.HTLV-lll/Lynphadenopa^/So(2t2^m^J a^^,J^flTSl 

HSV PrgparatiOfi: Confluent HEp-2 ceils in a roller hoWe rFaimn ft^n ^ . 

Of 0.0, PFU (Pto. Fbnrtn, Unw Sr eel do "-^^^l^dt^.^^rS «r.:^'^^^ 
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centrations (dissolved in maintenance medium) were added to replicate wells. For these assays, 0.1% pooled human 
qamma globulin was included in the media. The plates were placed in S% C02-95% air incutator and the plaques were 
allowed to develop tor 48 h prior to fixation (buffered 10% Formalin acetate), staining (0.5% crystal violet m 20% 
E^OHA^,0) and enumeration. The degree of inhibition (per cent plaques of control) was calculated by courting the 
mean plaque counts fbr the dfferent drug dilutions. The antiviral potency of the drugs was determined by esbmatng the 
ECcfl the drug concerrtratior necessary to reduce the number of plaques by 50% relative to the vinjs control ojttures. 
For routine antiviral drug screening, we used the F strain of HSV-1 and the G strain of HSV-2 (Ejercito. et al. "Charac- 
terization of Herpes Sin^Jlex Virus Strains Differing in Their Effect on Social Behavior of Infected Cells. JJSfiaJflBJL 
2 357-364 (1968)). For HSV plaquing. Vero cells (rather than a human cell line such as fbroblasls) were used since 
ttlese cells do not induce interferon. Acyclovir (ACV) was used as a positive control for the studies on HSV. 


C ytotoxidtv Studies. 

ToirieHv in vero IMr *^ fir^on Monkevt Cells: Vero cells in growth medium (2.5 ml) were added to25 <^»"a6te 
75 (Falcon) in duplicate at a concentration equivalent to one-tenth of cell confluency for each compound under test. After 
Incubation at 37»C in 5% C02-95% air for 24 hr. the test compound (2x final concentration), dissolved in 2.5 mi of the 
arowth medium was added, and two flasks were harvested immediately by decanting the medium, washing once with 
3 ml of PBS and then incubating at 37«C fbr 5 min with 3 ml of trypsin/EDTA (0.1 2S%/D.02%). The cells dislodged from 
the flask were generally in duirps and were dispersed by repeated forceful pipetting of the suspenswn against the air- 
20 face of the flask. To l ml of the well-dispersed cell suspenswn. 0.2 ml of trypan blue solution was added, and the 
nunfoer of cells were counted using a hemacytomer. Each day tor the next 3 days, two of the remaining flasks were har- 
vested in the manner just described for determination of cell number. Only data on day three are presented. Ths 
method has prevtously been desaibed by Schinazi. et al.. "Effect of Combinaffon of Acyclovir, and Vidarabme w rts J- 
monophosphate on Herpes Sinplex Viruses in Cell Culture and in Mice." Aptinwrgft, Aqgnts ChyiOthy- 22. 499-507 
25 (19821) 

PBM and CEM C ff"? °n"*?Tn"r ^???Y' <^^9^ evaluated for their potential toxic effects on uninfected 
PHA-stimulated human PBM delis and also in CEM ceils. The cells were cultured with and without drug far 6 days at 

which time aliquots were counted for ceil \nability as described alxw 

En2vme Assays : The preparation of the enzyme and the assay conditions used, were recently descnbed by Schi- 
30 ^^^r^^^^ An^Ch^er. 33. 115^117(1989). HIV-I ^^fj 

iated from infected and uninfected PHA-stimulated human PBM ceHs according to traditional methods (tnteson B et 
al.. Antimirmh Anents Chemother. 31. 600-604. (1987); Fumian. et al.. Frqq. Natl. Aqq0- 8333-8337, 
(1986): Abrell. et al.. J. Viroi. 12. 431-439. (1973). 

Reaction mixtures (100 ^l) contained: 


35 


40 


45 


SO 



RT 

DNApd. 
alpha 

Tris-HCi. pH 8.0 

100 mM 

100 mM 

KCI 

50 mM 


Mg02 

2mM 

6mM 

DTT 

5mM 

5mM 

BSA pHJdTTP. 

400g/ml 

400g/ml 

(Sp.act. 82.3 Ci/nvnoi) 

1 mM 

1 ^M 

dATP. dCTP. dGTP 


100 ^M 

Poiy(rA)-oligo(dT)i2.i8 

3Mg/ml 


Activated DNA 


200 Mg/ml 


The reactions were started by the addition of 10 nl of purified enzyme, incubated at 37-0 fbr the indicated periods 
of time and processed as described in Eriksson, et al.. Antimicrob. Aoents ChemotheL 31 . 600-604 (1987). 

Mi>dlan.EH^Memod ; ECgo and IC50 values were obtained by analysis of the data using the median-effect equa- 
ton (Chou. T. ^ al.. "Quantitative Analysis of Dose-Effect Relatwnships: The Combined Effects Multiple Drugs or 
Enzyme Inhibitors." Adv. Enz. Reaul. 22. 27-55 (1984). 
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Results. 

The effect of the trtazine dye methylene t)lue on cellular growth and proliferation was tested using PBM Vero and 
CEM cell cultures. The cytotoadly of MB. both in the presence and absence of light was conpared with ttiat of AZT. 
The antiviral effect of MB was also examined using HIV-1 . HSV-l and HSV-2. The confined results of the cytotoxic and 
antiviral studies are sho«vn in Table 3. 


TABLE 3: Summary of antiviral and cytotoxicity 
studies on HiV and HSV Comparing 
Thiazlne dyes: metliylene blue, 
toiuidine blue 0, azure A, azure B, and 
thionin, AZT, and ACV. 

Treatment Antiviral Effect: Cytotoxicity: 
EC50 ( iiM) IC50 { \iM) 

HIV-I HSV-l HSV.2 PBMCa Verob CEMc 

AZT 0.00022 >100 >100 74.6 39.5 56.1 

light 0.028 ^10 ^10 6.1 0.14 0.12 

dark 0.14 ^10 ^10 >1.0 0.66 Z22 
ACV 

"fl^t >100 0.022 0.51 >100 1,700 >100 
ACV 

dark 0.013 0.16 „ _ _ 
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Table 3 continued. 
Treatment Antiviral Effect: 

ECso ( 

HIV-1 

Toiuidine Blue O 
light 0.27 
Toiuidine Blue O 
dark 0.25 

Azure A 

light 0.49 
Azure A 

darl< 0.39 
Azure B 

light 1.8 
Azure B 

dark 5.3 

Thionine 

light 1.2 
Thionine 

dark 2.8 


a. PBMC were counted after drug exposure for 6 
days by the trypan blue exclusion method. 
Untreated cultures had 2.06 x 10$ cells/ml. 

b. Vero ceils were counted after drug exposure for 
4 days. Untreated cultures had 3.32 x 10$ 
cells/ml. 

c. CEM cells were counted after dnig exposure for 
4 days. Untreated cultures had 1.49 x 105 
cells/ml. 


Example 4: Measurement of P24 to quantltate inacthotion of HIV by methylene Uue. 


The efficacy of methylene blue as an antiviral agent vws further demonstrated using an independent assay method. 
While the previous exan^jle measured RT activity, the present exanple utilizes a direct quantitation of a viral protein 
(P24] as an indicator of antiviral ^fectiveness. 
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Peripheral blood mononuclear (PBM) cells were infected with HIV and treated with methylene blue as described 
S'^*'**'^^'*'!?!**'"'"' '^"^ immuno-assay (EIA) measuremems of viral coat protein P24. The 
^ purchased from Abbott Labs. As in Example 3, the effectiveness of methylene blue was com 
pared with AZT the results are shown in TaUe 4. myiwie B.ue was com 

TABLE 4: Effect of MB against HIV (LAV-I) in 
tiuman PBMC Determination of P24 
Leveis by EIA (Abbott Ag Kit) 


Treatment 


Cona % Inhibition 

ng P24/mi (corrected) (iM 


ECso 


Uninfected 
control 


- 0.1 


Infected 
control 


mean 


336.0 
370.5 
370.5 
359.0 


0.0 


AZT 


0.0001 
0.001 
0.01 
0.1 


360.7 
266.2 
36.1 
5.2 


-0.5 
25.8 
89.9 
98.5 


0.0064 \jM 


M.B. Light 


0.001 
0.01 
1.0 
10 


370.5 
370.5 
5.1 
2.2 


-3.2 
-3.2 
98.6 
99.4 


0.024 


M.B. Dark 


0.001 

0.01 

0.1 

1.0 

10 


356.0 
270.2 
287.2 
84.1 
5.4 


0.8 
24.7 
20.0 

76.6 0.33 \iU 
98.5 
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Example 5: Tlie effect of meltiylene blue on isolated DNA polymeiase alpha and HIV reverse transcriptase. 

The eHect of methylene blue on t«o DNA polymerizing e"^- HIV rev«e ^"^^^"^."^ ^ 
HM A ~,i„«,<«aea aMifl (CJ a odi\ wBs also Studied. The results clearly show that MB is effective at inNMing reiwse 

5 trai^SlT^SSiN^^^^ 
mae MB Is required, as shown in Table 5. 


TABIDS 


10 

Effect of MB on HIV-1 
reverse transcriptase (RT) 

and calf ttiyimis DNA 
polymerase In the presence 

and atisence of light 

IS 

Enzyme 

lCgo(M) 



Ught 

Dark 

20 

HIV-1 RT 

9.2 

10.0 


CTapol. 

125 

105.1 


30 


35 


25 

Example 6: Anll-vlral activity of rose bwigai and eosin Y. 

The antiviral activity of the xanthene dyes was tested using the same reagents and assays as the methylene blue 
''^S^TT^LlSafrosebenga.hthepresenceofngWisl.41^:^^ 

^M.tS^m of eosin Y in the presence of light is greater than 100 ^M. while in the absence of lig^ 
greater than or equal to 10 iiM. 

Example 7: THe toxicHy of rase bengal and eosin Y in Vera (African Green Monkey) Cells. 

The toxicity of the xanthene dyes was tested on Vtaro green monKey cells using the same reagents and assay as 

'"^ '^S'l^^^ect of the compounds on the growth of uninfected Vero cells in culture is used ^J^^^ 
thelS^the test compoundto the nam^viabilitydcells. The K:«,isth^ 
40 50% of nomial. uninfected cell growth. Rose bengal was detemiined to have an ICso Of 158 uM,whie«^^ 

detenrined to have an Ca of greater than 200 nM. 

Example 8: Toxictty of nse bengal and eosin Y In peripheial blood mononuclear cells 

45 Rose bengal and eosin Y were ewalualed Ibr their potenUai toxic effect on uninfected, mitogen-slimulated peripheral 
l5lcxxjmononudear(PBM) cells (3.8 X 10* cellsMil). as described for the tfwziw -,.„.»,.r^PBMcrite 
Results: As for the Vero eel assay, the ICso for rose bengal and eoan Y was determ««d in the cultured PBM cells. 
The ICso for rose bengal was greater than 200 mM. and for eosin Y it was greater than 100 nM. 

so Example 9: Preparation of pharmaceutical compositions. 

The method described herein for the inhibition of HIV infections in vivo requires dosages in the '^^f^^j^^^^ 
blood concentration of approximately 20 to 200 micromolar. In order to achi«« this concertradon. the dyes «n oe 
de^S S?SSn1qu« Known to those skilled in the art of drug deivery to target specific eel types or to enhance 

*"(Sl1dirt^*onofthedyesi8theprefen«^ 

conposition will depend on absorptionjnaclivation. and excretion rates of the active co^ 

leiown to those of sWIl in the art. It is to be noted that dosage values wil also vary wrth the seventyrtt^ 

be alleviated. It is to be further underetood that for any particular subject specific dosage regimens should be adjusted 
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lose, a disi«»^;^r:: "..^"rr^^ as starch or tac- 

ag« su* as o«,™m, „«,^ salcS«^.Zl?r " " " = 

sensitive liposomes are deserted hvPHr^^^^ «i o^H.!^!^ ' '^^^^ for niaking light 

s*ons ar^^m^i^ytSLIS; cSS^^ 491-494(1983). Liposome Sn^ 

compounds <«xnliposoL,in^^S2SSifd2^ 

146(1988). gesiBQ py macTopMages is described by Stonn, et al.. in Biochim.Bionhv« qai; ^ofi. 

Example 10: lo^itsi AntlviraJ Appiteations 

.oratory worKa.U1^SS^SSS:5:^i:S^ 

the art fromT« foreg^dSleTd^S IS^Sr^ 
of the appended dSrs *^^ 


Claims 


2. Theuseaccordingtodaimlv^ereinmedyefeafluaoneorhydroxyxantharecon^ 

3. ^«"««accortingtoda.m2wherein,hedyeisrosebengaloreosinYoraco,^^ 
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4. The use accoiding to claim 1 wherein the dye is toluidine blue 0. azure A. azure B, azure C, or a corrtJination or 
derivative thereof. 

5. The use according to claim 3 wherein the medicament provides virally-infected cells with an amount ct dye yielding 
an intracellular concentration of between 0.1 and 10 jiM. 

6 The use according to claim l wherein the dye is methylene blue, eosin Y or rose bengal and the medicament pro- 
vides an amount of dye yielding a blood concentration in a patient of between 20 and 200nM. 

7. The use according to any one of the preceding claims wherein the medicament is provided in combination with non- 
ionising radiation. 

8 The use according to any one of the preceding dainre wherein the medicament comprises additionally a solution 
selected from a cleansing solution, antibacterial solution, antifungal solution and a biological solution. 

9. The use according to daim 8 wherein the biological solution is derived from Wood. 

10. A method of inhbiting HIV replication in cells exposed to the virus ex vivo, comprising exposing the cells to a xan- 
thene or thiazine dye. without significant toxicity to the cells. 

11. A method according to daim 10 wherein the dye is methylene tiue. eosin Y or rose bengal and the cells are 
exposed to a concentration of dye greater than 200nM. 

12. A method according to daim 10 or daim 1 1 voherein the cells are present in blood or in a blood component 

13. A method according to any one of daims 10 to 12 wherein the cells are exposed to nonnonising radiation. 
PatentansprOche 

1. Verwendung eines Xanthen- oder Trtazinfartjstoffs fOr die Herstellung eines Arzneimittels bm seleWven lnal<tivie- 
rung von HIV in vivo oder in vitro ohne signifikante Toxizitatfur Zellen oder einen Patienten. 

2. Venwendung nach Anspnjch l , wobei der Farbstoff eine Ruoron- Oder Hydroxyxanthenverbindung ist. 

3. Verwendung nach Ansprudi 2. wobei der Faibstoff Bengalrosa oder Eosin Y oder eine Kbmbination oder ein Oeri- 
vat davon ist 

4. Verwendung nach Anspnich 1 , wobei der Rubstolf Toydnblau 0. Azur A. Azur B. Azur C oder eine Kombination 
Oder ein Oerivat davon ist 

5. Veni*endung nach Anspruch 3. wobei das Arzneinittel vimsinfizierte Zellen mit einer Fiarbstoffmenge bereitstellt 
die eine intrazelluiare Kbnzentration wrechen 0.1 und 10 jiM liefert 

6 Verwendung nach Anspruch 1. wobei der Farbstoff Methylerttau. Eosin Y oder Bengalrosa ist unddas Arzneimittel 
eine Farbstoffmenge bereitstellt die eine Blutkonzentralion zwischen 20 und 200mM in einem Patienten liefert. 

7. Venwendung nach einem der vorstehenden AnsprOche. wobei das Arzneimittel in Kwrbination mit einer nidrt-ioni- 
sierenden Strahlung bereitgestelK wird. 

8. Verwendung nach einem der vorstehenden Anspriidie. wobei das Medikament zusfflziich eine Lflsung ausge- 
wahlt aus einer ReinigungslOsung, antibakteriellen LOsung. antifungalen Lflsung und etner biologischen Lflsung. 
umfaBt. 

9. venwendung nach Anspruch 8. wobei die biologische Lflsung aus Blutstammt 

10. Verlahren zur Inhibienjng der HW-Replitetion in dem Vims ausgesetzten Zellen ex vivo, umfassend das Aussetzen 
der Zellen einem Xanthen- oder Thiazinfarbstoff ohne signifikante Toxizitat fOr die Zellen. 
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' ^ ■ !S ^"^"^ 1°* '^'^ Methylenblaii. Eosin Y oder Bengalrosa ist und die Zellen einer Farb- 

stoffkonzentration von gr06er ate 200 ausgese« werden. 

12. Veriahren nach Anspruch 10 Oder ii, v«)bei die Zellen im Blut Oder in einem Blutbestandteil vorhanden sind. 

l^T '"^^ '° nicm-iortsierenden Strahlung ausgesea 

Revendicatfons 

s^'SliTnii; ^ '^^.''^ °" dans la preparation d'un medicament pour inactiver 

s^Jectwement le HIV. m vivo ou m vitro, sans exposer d une toxicity notable des cellules ou un patje^ 

2. IJtiliMtion selon la revendication l . dans laquelle le colorant est un conposd k base de f luaone ou d'hydroxyxan- 

ssr:?;:rdS'''"^'"'"''*'^^ 

4. Utilisation selon la revendication 1, dans laquelle le colorant est le bleu detoluidineO.lebleuazur A leWeuazur 
B. le Ueu azur C ou une de leurs contiinaisons ou un de leurs d^rivte. • « «eu azur a. le neu azur 

^"S?!! ^ revendication 3, dans laquelle le mMicament d^livre d des cellules infect6es d'un vims une 
quantit6decolorantdonnantune concentration intraceiyaire entreat et 10 mM. '"^^ ""^ 

20?^ ' * ^""^ "^"^ concentrattonSns le sang d'un p^eZS?o « 

^" SJn2L'*'°" '""^ ''"«'«"^ d« revendications pr6c6dentes. dans laquelle le mWcament est d6livr6 en 
combinaison avec un rayonnement non ionisant wivamwn «si aeiivre en 

8. Utilisation seton rune quelconque des revendications prte^entes. dans laquelle le mMicament cormrend en 

9. Utilisation selon la revendlcation 8, dans laquelle la solution biologique est d^riv^e du sang. 

10. Proc6d6 dinhibition de la r^ication du HIV dans des cellules expose au virus ex vivo consistant A «noB«r !«« 
c^yes.uncoloram.basedexanth^eoudethiazinesansaiSerlescZes^^^ 

^ ' ■ Il^^f l^f°" ^ revendlcation 1 0. dans lequel le coloiant est le bleu de m^dne. I'tesine Y ou le rose benoale 
et les cellules sont expos^es & une concentration de colorant 8i4)^ieure d 200 jiM. ^ '« 

' mS'^onl^Slr vesications 1 0 4 12. dans lequel les cellules sont expose 4 un .ayonne- 
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FIGURE la 



Log concn., 


FIGURE lb 



Log concn., fiM 
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